Objective: To test the hypothesis that sleep disorders are relevant to the risk of ischaemic stroke and ischaemic heart disease events in older men. Design: A cohort study. Setting: The Caerphilly cohort, a representative population sample of older men in South Wales, UK. Participants: 1986 men aged 55-69 years completed a questionnaire on sleep patterns with help from their partners. This asked about symptoms of disturbed sleep: insomnia, snoring, restless legs, obstructive sleep apnoea, and about daytime sleepiness. During the following 10 years 107 men experienced an ischaemic stroke and 213 had an ischaemic heart disease event.
A dequate undisturbed sleep is an essential component in a healthy lifestyle, and contributes to optimal daytime function and wellbeing. [1] [2] [3] There is little certainty as to the frequency of disturbed sleep, a consequence in part from the use of selected subjects in many studies, and also because of the wide range of definitions that have been used, from snoring and restless legs to apnoea with cessation of breathing and oxygen desaturation.
There is further uncertainty as to the degree of sleep disturbance that is of clinical importance. Cross sectional and retrospective studies suggest that disturbed sleep, and sleep apnoea in particular, is associated with an increase in prevalent vascular disease. [4] [5] [6] [7] [8] [9] More certain evidence of a relation comes from prospective studies but very few such studies have been reported. In the large national health and nutrition survey in the USA (NHANES 1) cohort the risk of stroke was found to be significantly increased in subjects with daytime somnolence relative to that of subjects without this symptom. 10 A recently reported study of men with severe untreated obstructive sleep apnoea-hyponea has shown significantly increased risk of fatal and non-fatal cardiovascular disease events, compared with healthy controls. 11 Some have judged that the health consequences of sleep disturbances have been exaggerated. 12 If, however, sleep disturbances are prevalent, and if they are associated with vascular disease, it is important to establish, in representative population samples, the symptoms that are relevant and the strength of the relation with vascular disease so that appropriate public health initiatives can be taken and adequate treatments tested.
This study looks at the prediction of incident vascular disease events by symptoms of sleep disturbance and daytime sleepiness in the Caerphilly cohort, a large population cohort of older men in South Wales. 13 
METHOD
The Caerphilly cohort study is based on a representative population sample of older men, born between 1920 and 1935 resident in a typical small town in South Wales. 13 The initial response rate was 89% of the total men eligible for the study. The primary aims of the study were to evaluate lifestyle, dietary, haemostatic, lipid, and other factors predictive of vascular disease. [14] [15] [16] In the second follow up examination, when the men were aged 55-69 years, they were asked to complete the Wisconsin sleep questionnaire, 17 with help from their partners. This asks about the severity and frequency of symptoms of insomnia, restless legs, snoring, episodes of apnoea, and daytime sleepiness and definitions are shown in footnotes to table 1. The questionnaire does allow for the grading of symptoms into ''mild'' and ''severe'', based largely on the frequency of occurrence. Because the questionnaire was self administered and gave opportunity for trivial symptoms to be reported, we decided to ignore the ''mild'' or ''infrequent'' symptoms throughout.
Data were also collected at this time on a range of factors relevant to vascular disease, including social class (based on the man's most recent occupation) smoking (grouped as nonsmoker, former smoker, and current smoker), weekly alcohol consumption (expressed as average cc/day) and height and weight. Blood pressure was measured with a random zero syphmomanometer.
At five-year intervals throughout the study, the men were questioned about symptoms suggestive of vascular disease, repeat ECGs were recorded and hospital and general practitioner notes inspected to identify all possible incident vascular events. Standard diagnostic criteria were applied to identify new ischaemic heart disease (IHD) events (deaths attributed to IHD plus non-fatal myocardial infarction: ICD 121-5 10th revision) and ischaemic strokes (ICD 163-4). 18 19 Men with a prior IHD or stroke event have been omitted throughout.
Logistic regression analyses were used to estimate the risk of an ischaemic stroke (fatal or non-fatal), an IHD event (myocardial infarction or IHD death). Risks are expressed as odds for a disease event in the men with a sleep disturbance relative to the risk in the men with no disturbance, the latter being set at unity. All probability values are two sided and exact values are stated. Significance is judged as p = 0.05 or less.
Adjustments were made for possible confounding. Two groups of factors that might confound the relation were included. Firstly, adjustments were made for age, and alcohol consumption. Adjustments were also made for two further factors that are believed to be causal of sleep disturbances, namely, body mass index (BMI; kg/m 2 ), and maximum neck circumference.
RESULTS
Completed questionnaires were returned by 1986 men, but 79 men who had had a previous myocardial infarction and 33 who had had a prior stroke were omitted from the appropriate analyses. There were 1874 men with complete data. Altogether 106 men reported the regular use of sleeping tablets, but as no meaningful relations were detected with vascular disease outcomes, tablet taking has been ignored in what follows.
The cohort has been described in detail elsewhere. 13 15 In summary: 65% of the men were manual workers, 34% were current smokers, the mean BMI was 26.8 SD 3.7 cm, and the mean neck circumference 39.0 SD 2.6 cm. Table 1 shows the prevalence of symptoms of sleep disturbance. Between 12% and 36% gave evidence of sleep disturbance, the most common symptom being frequent snoring (36%). All the symptoms were significantly related to daytime sleepiness, this being reported by 13% of men who snored, 10% who reported apnoea, 9% of those who reported insomnia, and 14% who reported restless legs. The overall prevalence of daytime sleepiness was 31%. Table 2 shows relations with possible confounding factors. Social class and smoking are clearly relevant. Weekly alcohol intake however shows no significant relations. The men with disturbed sleep had higher BMIs and larger neck circumferences. The absolute differences between men with and without evidence of sleep disturbance are however comparatively small. Men with a prior vascular event were omitted throughout, and over the period of follow up 107 men had an incident ischaemic stroke, 213 had an incident IHD event, and 17 men experienced both events. Table 3 shows relations with the symptoms of sleep disturbance. All the disturbances show a significant relation with stroke incidence, the relative odds for an event being highest in the men who had reported sleep apnoea (1.97; 1.26 to 3.09). On the other hand, there is only a weak and non-significant relation between stroke and daytime sleepiness. Table 3 also shows incident IHD events. None of the relations with the sleep disturbances is significant, but there is evidence suggestive of an increased risk in the men who experienced daytime sleepiness (1.41; 1.04 to 1.92).
A small number of men (33) complained of all the symptoms of sleep disturbance and in these, the adjusted odds of a stroke, relative to the odds in men with some, or none of the symptoms, is 3.63(1.34 to 9.84). The adjusted relative odds for an IHD event in these same men is only 1.36 (0.51 to 3.59).
Relations with blood pressure were examined. The results are not shown, but for men with each of the sleep disturbances, the differences in systolic and in diastolic pressures were small and non-significant. In fact, the mean blood pressures of the 33 men who had complained of all the symptoms of disturbed did not differ from the mean in the other men (both 144.5 mm Hg).
DISCUSSION
The study we present has a number of strengths. It is based upon a large representative population sample of older men and all members of the cohort were carefully and repeatedly followed up to identify vascular disease events as completely as possible. Detailed information on confounding factors of possible relevance was collected from every subject and this has been used to adjust the incident rates presented.
The study has however certain weaknesses. Some men in the cohort were omitted from the study because of delays in the preparation of the questionnaire. We doubt that this introduced any serious selection bias as the men were seen in no special order. The study is however dependent upon answers to a rather simple questionnaire. The validity of the questionnaire had been tested against overnight polysomnography 17 but no attempt was made to further test its validity in older Welshmen. However a high degree of agreement has been shown between self, and partner reports of snoring and other symptoms. 20 Stradling and Davies 21 have pointed out that estimates from studies using different diagnostic criteria yield prevalence rates that range so widely that firm estimates of prevalence cannot be made. In their review they point out that while the frequency of men who present to a sleep clinic in the UK is perhaps only 0.5%, yet more inclusive diagnostic criteria used in screening surveys lead to estimates of 24% and higher. 
What this paper adds
Evidence on the nature and strength of relations between sleep disturbances, stroke, and heart disease from a large representative population sample of men. Almost all the published evidence so far has come from selected samples of patients, or has been based on laboratory work.
Policy implications
Sleep disturbances have a comparatively high prevalence in older men and carry an increased risk for stroke, and possible heart disease. Further work is required to evaluate the effects of treatment of the disturbances, but the available evidence does suggest that treatment, and in particular continuous positive airways pressure, may reduce the vascular consequences.
There seems however to be agreement among most authors that the prevalence of sleep disorders is high, particularly among men. 2 17 In this cohort, around 20% of the men reported frequent apnoea, about one third of the men (or their partners) reported frequent snoring, and about the same proportion reported frequent daytime sleepiness. In a review of 154 published investigations, Shamsuzzman et al 22 judged that 20% of adults have at least ''mild'' sleep apnoea. Prevalences of sleep disordered breathing of 24% in men and 9% in women were estimated in the sleep heart health study, 16 and 30% and 20% for daytime sleepiness. 2 In a study based on obese subjects, 25% reported frequent daytime sleepiness. 9 Studies in a sleep laboratory have shown that mild disturbances of sleep, which do not lead to arousal, still lead to detectable effects on mood and cognitive function. 1 This suggests that disturbances that are detected by a simple questionnaire, like the one used in this study, are probably of clinical importance.
A systematic review of the literature, published in 1993, led to the conclusion that ''the evidence for a causal association between sleep apnoea and a range of poor health outcomes is generally weak''. 12 Since then, however, evidence from a number of reports has suggested a link between sleep patterns and stroke. 6 9 In a further study almost 8000 subjects in NHANES I in the USA were followed up and an increased adjusted incidence of stroke was found in those who had reported daytime somnolence (1.4; 1.1 to 1.8). 10 The authors of this report comment that a similar excess risk was found for coronary heart disease, although statistical significance was not achieved. In a recent study of men attending a sleep clinic, and matched population selected control subjects, adjusted risk ratios of 2.87 (1.17 to 7.51) for fatal and 3.17 (1.12 to 7.51) for non-fatal vascular events were found in men with untreated, severe obstructive sleep apnoea-hypnoea.
11
The relations we find suggest that if there is an increased risk of a heart disease event, it is small, other than for daytime sleepiness (1.41; 1.04 to 1.92). On the other hand, there is clearly an increased risk of an ischaemic stroke. Overall, the risk of ischaemic stroke was increased about 50%, but in those men who reported more than one sleep symptom the relative risk of a stroke was higher, rising to a greater than threefold risk in the men who reported all the symptoms (3.63; 1.34 to 9.84).
A number of population studies have reported a positive effect of sleep disturbance on blood pressure, 23 24 even with snoring. 25 Other studies have shown a reduction in blood pressure from the treatment of obstructive sleep apnoea with nasal continuous positive airway pressure. 26 Our failure to find a relation with blood pressure is therefore surprising, and we have no explanation, although there is a suggestion in the published data that this association weakens with advancing age. 25 The involvement of many mechanisms other than hypertension have however been suggested to explain the increased vascular risk associated with sleep disturbance. Thus there are reports of increased carotid atherosclerosis, 27 increased platelet activity, 28 29 changes in fibrinogen and the fibrinolytic system, 29 30 and changes in other haemostatic factors. 31 A raised C reactive protein has also been reported, suggestive of an inflammatory process. 32 
CONCLUSION
Sleep disorders including obstructive sleep apnoea, insomnia, and daytime sleepiness are common. They are readily identifiable and they are predictive of ischaemic cerebrovascular disease, and possibly ischaemic cardiac events. We therefore find ourselves in agreement with Silverberg et al, that sleep disturbance is ''a neglected, under-diagnosed and under-treated condition''. 33 
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